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REMARKS 

Applicants hereby amend Claims 1-19 and submit that all 
of said claims are in condition for allowance in view of the 
following discussion . 

Enclosed herewith is a Substitute Specification along 
with a marked-up copy thereof showing various changes made to 
the Specification. The Specification changes are intended to 
improve the typographical and grammatical format of the 
application and they are not believed to introduce new matter. 
Approval of the specification is respectfully requested. 

Also, Applicants submit a replacement set of formal 
drawings simultaneously herewith. These drawings are 
substantially identical to the original drawings as filed 
except that various Figures have been relabeled. For example, 
Figure 1 is relabeled as Figures 1(a), 1(b), 1(c) and 1(d) in 
accord with the Detailed Description and the description of 
the drawings. Specifically, Figures 1, 2, 5, 7, 8 and 10-12 
are hereby relabeled. Approval of the drawings is also 
requested. 

Still further, Applicants hereby amend Claims 1-19 for 
clarity to eliminate the informalities identified in the 
Office Action including the objection to the multiple 
dependent form of Claims 9, 18 and 19. As to the temperature 
range, the claims were amended to clarify that the temperature 
range is in degrees Celsius in conformance with the 
specification. All of the pending claims are believed in 
conformance with U.S. Patent practice and Applicants 
respectfully request further consideration of these claims in 
view of the following discussion. 

As to the rejection of Claims 1-19 based upon the 
Miyashita x 959 patent under Section 102, Applicants 
respectfully submit that Miyashita does not disclose all of 
the features of Applicants' claimed invention. Specifically, 
Applicants respectfully submit that Miyashita fails to 
disclose, teach or suggest constructing the invention through 
heat treatment of the halftone phase shifting film at a 
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temperature between 250 °C and 500°C such that a change of the 
optical property of the halftone phase shifting film that 
would be produced by the application of excimer laser is 
decreased. This heat treatment provides specific 
modifications to the structure of the halftone phase shifting 
film such that during use with an excimer laser, the changes 
in the optical properties of the film are reduced and further 
the change in the transmittance of the film is increased. 
This arrangement as claimed is not disclosed by Miyashita. 

As described in the Specification, when forming a 
halftone phase shifting photomask specifically for an ArF 
excimer laser which is in the wavelength of 183 nm, the 
transmittance and phase angle change when subjected to this 
type of laser at this operating wavelength. It is submitted 
that the film of Miyashita also suffers from this problem. 

The Miyashita patentis particularly directed to formation 
of a suitable halftone phase shifting film which is useable 
with a krypton fluoride (KrF) excimer laser having a 
wavelength of 248 nm. As described in column 3, lines 10-31 
of this patent, the object of the disclosed photomask is to 
permit use with the KrF type of laser and as such the 
photomask is designed therefor. The requirements for this 
photomask differ from those of the ArF laser with which the 
claimed invention is particularly useful with. Specifically, 
one problem with the prior art is that the transmittance and 
the phase angle of the film change if irradiated for a long 
period of time by exposure to an ArF laser in the wavelength 
of 183 nm which is shorter than the KrF excimer laser 
wavelength. Therefore, the heat treatment of the invention 
modifies the structural arrangement of the claimed halftone 
phase shifting film for use with the ArF laser. 

By subjecting the phase shifting film of the invention to 
the temperature range between 250 °C and 500°C / this 
structurally eliminates the interfaces between the laminated 
structure of the film in advance of use with the laser so that 
changes in the transmittance and phase angle are not 
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significantly changed or at least are improved over that which 
would result if no heat treatment was used. 

It is specifically noted in Table 2 of the present 
application that heat treatment at 200°C does not result in 
significant transmittance change. After irradiation with the 
laser as described in paragraph 84, there is not a significant 
change in the transmittance change after treatment at 200 °C as 
shown by Figure 9. Therefore, test results show that heat 
treatment at 200°C does not provide the structural improvement 
and the improved results that Applicants' claimed halftone 
phase shifting film possesses. This improvement, however, is 
specifically achieved at 300°C as also illustrated in 
Figure 9 . 

Therefore, the specific reference to 200°C in the 
Miyashita patent still does not achieve Applicants' claimed 
phase shifting film. Rather, this temperature is too low to 
achieve the effects which are necessary to construct the 
claimed invention. Further, there is no disclosure, teaching 
or suggestion that providing heat treatment to a film in 
Miyashita results in any effects or improvement to any other 
optical characteristics. Therefore, the teachings of 
Miyashita are believed to distinctly differ and do not 
disclose, teach or suggest Applicants' claimed invention. 

For these reasons alone , Applicants respectfully submit 
that Miyashita does not disclose all of Applicants' claimed 
features and as such, Claims. 1-19 are patentably 
distinguishable therefrom. Specifically, Miyashita does not 
disclose, teach or suggest heat treating a film in the range 
of 250°C to 500°C to provide the resultant structural 
arrangement of the claimed film. 

Additionally, the claims define additional features which 
are not disclosed, taught or suggested by the prior art. For 
example, it is noted that Claims 8 and 17 specifically define 
the halftone phase shifting film as having a plurality of 
layers with an interface defined between the layers wherein 
the interface effectively disappears as a result of the heat 
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treatment. Due to the test results disclosed in the 
application and specifically those in Figure 9, this is 
believed to specifically show that 200°C is an insufficient 
temperature to achieve the structural changes to the phase 
shifting film of the claimed invention. 

In view of the foregoing, all of Claims. 1-19 are believed 
in condition for allowance and further and favorable 
consideration of this application is respectfully solicited. 



MLM\pcq 

FLYNN, THIEL, BOUTELL 

& TAN1S, P.C. 
2 02 6 Rambling Road 
Kalamazoo, MI 49008-1631 
Phone: (269) 381-1156 
Fax: (269) 381-5465 



Encl : Marked-Up Version of Amended Specification 
Substitute Specification 
Replacement Drawings (11 sheets) 
Acknowledgement Postal Card 




dale H. Thiel 


Reg. 


No. 


24 


323 


David G. Boutell 


Reg . 


No. 


25 


072 


Ronald J. Tanis 


Reg . 


No. 


22 


724 


Terryence F . Chapman 


Reg . 


No. 


32 


549 


Mark L. Maki 


Reg . 


No. 


36 


589 


David S . Goldenberg 


Reg . 


No. 


31 


257 


Sidney B. Williams, Jr. 


Reg . 


No. 


24 


949 


Liane L . Churney 


Reg . 


No. 


40 


694 


Brian R. Tumm 


Reg . 


No. 


36 


328 


Robert J. Sayfie 


Reg . 


No. 


37 


714 



136.0703 



U.S. Serial No. 09/825 578 November 3, 2003 

Marked-Up Version of Amended Specification 



HALFTONE PHASE SHIFTING PHOTOMASK AND BLANKS FOR HALFTONE 
PHASE SHIFTING PHOTOMASK THEREFOR AND A METHOD FOR FORMING 
PATTERN BY USING THE HALFTONE PHASE SHIFTING PHOTOMASK 
BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0001] The present invention relates to a p hotomask used in 
the production of a density integrated circuit such as an LSI, 
blanks for the p hotomask for the production of the photomask 
and a method for forming a p attern by using the halftone phase 
shifting photomask, and in particular the invention relates to 
a halftone phase shifting photomask by which a p rojected image 
having fine dimensions can be obtained, blanks for the 
halftone phase shifting photomask for the production of the 
halftone phase shifting photomask and a method for forming the 
pattern by using the halftone phase shifting photomask. 

(2) Description of the Prior Art 

[0002] Semiconductor integrated circuits such as an LST are 
produced by repeating the so-called lithographic process in 
which a photomask is used. Particularly, for the formation of 
products having fine dimensions, the use of a p hase shifting 
photomask such as that described for example in Japanese 
Patent Laid-Open No. 173744 of 1983 (Showa 58), Japanese 
Patent Publication No. 59296 of 1987 (Showa 62) and others are 
studied. Especially, the so-called halftone phase shifting 
photomask such as that described for example in U. S. P. 
4,890,309 attracted the attention of people from a viewpoint 
of early practical application. Some proposals are made as to 
the improvement in yield and the structure and material which 
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that result in a decrease in cost as bcing which proposals are 
described in Japanese Patent Laid-Open No. 2259 of 1993 (Heisei 
5) , Japanese Patent Laid-Open No. 127361 of 1993 (Heisei 5) 
and others, and making such proposals practicable is being 
procccdcd proceedinq , 

[0003] Halftonc A halftone phase shifting photomask is 
explained briefly referring to figures. Fig. 1 is an comprises 
explanatory viewviews showing the principle of halftone phase 
shifting lithography. Fig. 2 ia an comprises explanatory 
view v iews showing a conventional method. Fig. 1 (a) and Fig. 2 
(a) are each a sectional view of a p hotomask, respectively. 
Fig. 1 (b) and Fig. 2 (b) show the amplitude of light on the 
photomask, respectively. Fig. 1 (c) and Fig. 2 (c) show the 
amplitude of light on a wafer, respectively. Fig. 1 (d) and 
Fig. 2 (d) show the strength of light on the wafer, 
respectively. Numerals 11 and 21 (Fig . 1(a)) designate a 
transparent substrate. Numeral 22 (Fig. 2(a)) designates 100 
% lightproof film. Numeral 12 designates a halftone phase 
shifting film. Numerals 13 and 23 designate incident rays. 
Halftone phase shifting film is a film having the function 
that the p hase of applied rays which have passed through the 
film is inverted in fact against the phase of applied rays 
passing through air with the same length of light paths and 
the optical strength of the former is attenuated against the 
optical strength of the latter, which is formed of a layer or 
multiple layers. In a conventional method, as shown in Fig. 2 
(a) , 100% lightproof film 22 made of chromium and others is 
formed on substrate 21 made of quartz glass and others, by 
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which a light- transmitting area having a desired pattern is 
only formed, wherein as shown in Fig. 2 (d) , the distribution 
of optical strength shows the spread of edges so that the 
resolution is decreased. On the contrary, in the halftone 
phase shifting lithography, since the phase of rays which have 
transmitted through halftone phase shifting film 12 of 
semitransparent film is inverted in fact against phase of rays 
which have passed through openings of the halftone phase 
shifting film 12, as shown in Fig. 1 (d) , the optical strength 
in the border of the p attern formed on the halftone phase 
shifting photomask becomes 0 on the wafer so that the 
spreading of both edges is suppressed, therefore the solution 
being improved. 

[0004] Special attention should be paid to that in order to 
obtain the effect of halftone phase shifting photomask, the 
phase angle and the transmittance of halftone phase shifting 
film become very important, adding to various characters such 
as the dimensional tolerances, the positional tolerances and 
others of pattern formed on the photomask which are requested 
to a conventional photomask, and further that the phase angle 
and transmittance are determined according to refractive 
index, coefficient of extinction in the wavelength of the 
applied rays and the thickness of film of a layer or multiple 
layers forming the halftone phase shifting film. 

[0005] Generally, the most suitable value for the phase 
angle is 180°. However, the most suitable value for the 
transmittance is in the region of 1 through 2 0% supposing the 
transmittance in the opening area of halftone phase shifting 
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film is 100%, which is determined according to the p attern to 
be transferred, transferring conditions and others. As to the 
halftone phase shifting photomask, it is requested to set the 
phase angle and the transmittance to the most suitable values 
thereof . When values of them deviate from the most suitable 
value, a proper quantity of the change of applied rays 
appears, which results in the lowering of the dimensional 
tolerance, and the lowering of the focal latitude or allowable 
extent and others. Accordingly, refractive index, coefficient 
of extinction, the accuracy of the thickness of film and 
stability are important needless to say. Figs. 3 and, 4 show 
the results of simulation made about the effect of 
transmittance change and phase difference change in the 
lithography using halftone phase shifting photomask on a 
change of focal depth, transferring length and best focus. 
[0006] Together with a miniaturizing pattern to be formed, 
it is needed to shorten the wavelength of rays used in 
lithography. As the miniaturization over the so-called 2.5 
micron design rule proceeds, the practical application of a 
KrF excimer laser (wavelength: 248 nm) starts, and further the 
length of pattern is miniaturized. In consideration of the 
above-mentioned conditions, the use of ArF excimer laser is 
studied. As to a halftone phase shifting film used in a 
halftone shifting photomask, the development of material is 
requested which enables the most suitable phase angle and 
transmittance to also be realized for these wavelengths and 
has the stable refractive index and coefficient of extinction. 
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[0007] Accordingly, it was proposed to use film containing 
mainly chromium and including fluorine as disclosed in 
Japanese Patent Laid-Open No. 110572 of 1995 (Heisei 7) as 
halftone phase shifting film. This film enables the range of 
values of suitable phase angle and transmittance against the 
above-mentioned wavelength to be realized. Further, this film 
has the advantage of the production of blanks, the 
manufacturing process of the mask and others being possible in 
the same manner as these of conventional photomaak photomasks . 
Therefore, the investigation of this film was begun from the 
early stage, and practical application was made. 

[0008] However, the halftone phase shifting film containing 
mainly chromium and including fluorine has a problem that by 
applying rays used in the application of rays such as ArF 
excimer laser, over a long time, the refractive index, and 
coefficient of extinction, or any of the two of the halftone 
phase shifting film change (s) . Therefore, in the case of 
forming a resist pattern using the halftone phase shifting 
photomask having the halftone phase-pattern film that contains 
mainly chromium and includes fluorine, the refractive index 
and phase angle, or any of the two^ changes-? — eve r over time as 
the halftone phase shifting photomask is used. 

[0009] In this case, as is evident from the result of a 
simulation shown in Figs. 3 and 4, even if the phase 
difference and transmittance slightly change, focusing 
position, and latitude as well as transferring length change 
greatly. Namely, this these changes result in the possibilities 
that a proper quantity of the change of applied rays, the 
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lowering of dimensional tolerance and the lowering of focal 
latitude appear every time a photomask is used, and that even 
in one usage of photomask, these change, which results in a 
decrease in latitude of pattern forming and the worsening of 
the shape of pattern. 
BRIEF SUMMARY OF THE INVENTION 

[0010] Accordingly, it is an object of the present 
invention to provide blanks for a halftone phase shifting 
photomask used for the production of the halftone phase 
shifting photomask in which transmittance change and phase 
angle change do not appear even if an excimer laser for expose 
is applied to the p hotomask for a long time. 

[0011] It is a second object of the present invention to 
provide a halftone phase shifting photomask in which 
transmittance change and phase angle change do not appear even 
if the excimer laser for expose is applied to the photomask 
for a long time. 

[0012] It is a third object of the present invention to 
provide a method of forming a pattern using the blanks for the 
halftone phase shifting photomask. 

[0013] FirstA first type of blanks for a halftone phase 
shifting photomask according to the present invention 
comprises a halftone phase shifting film including at least 
chromium and fluorine on a transparent substrate, in which 
heat treatment is given to the halftone phase shifting film, 
by which a change of optical characteristic of the halftone 
phase shifting film appearing in applying the excimer laser 
for exposure to the halftone phase shifting film is decreased. 
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[0014] Sccond A second type of blanks for the halftone phase 
shifting photomask according to the present invention 
comprises a halftone phase shifting film including at least 
chromium and fluorine on a transparent substrate, in which a 
protective film is provided on the heat-treated halftone phase 
shifting film, by which a change of optical characteristic of 
the halftone phase shifting film appearing in applying the 
excimer laser for exposure to the halftone phase shifting film 
is decreased. 

[0015] Th ird A third type of blanks for the halftone phase 
shifting photomask according to the present invention 
comprises a halftone phase shifting film including at least 
chromium and fluorine on a transparent substrate, in which the 
surface layer of the heat-treated halftone phase shifting is 
removed by etching the surface, by which a change of optical 
characteristic of the halftone phase shifting film appearing 
in applying the excimer laser for exposure to the halftone 
phase shifting film is decreased, and the transmittance 
thereof is increased. 

[0016] In the first type of blanks for the halftone phase 
shifting photomask, it is desirable that an interface 
disappears from the inside of the halftone phase shifting film 
by the heat treatment of the halftone phase shifting film. 
[0017] In the second type of blanks for the halftone phase 
shifting photomask, it is desirable that the protective film 
includes at least chromium and fluorine, and the content of 
fluorine contained in the protective film is lower than the 
content of fluorine contained in the halftone phase shifting 
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film. Further, it is desired that the protective film is a 
transparent film. 

[0018] First A first type of halftone phase shifting 
photomask according to the present invention comprises a 
pattern of halftone phase shifting film including at least 
chromium and fluorine on a transparent substrate, in which 
heat treatment is given to the halftone phase shifting film, 
by which a change of optical characteristic of the halftone 
phase shifting film appearing in applying the excimer laser 
for exposure to the halftone phase shifting film is decreased. 

[0019] SccondA second, type of halftone phase shifting 
photomask according to the present invention comprises a 
pattern of halftone phase shifting film including at least 
chromium and fluorine on a transparent substrate, in which 
after the halftone phase shifting film has been formed into a 
desired pattern, the halftone phase shifting film is heat- 
treated, by which a change of optical characteristic of the 
halftone phase shifting film appearing in applying the excimer 
laser for exposure to the halftone phase shifting film is 
decreased. 

[0020] Third A third type of halftone phase shifting 
photomask according to the present invention comprises a 
pattern of halftone phase shifting film including at least 
chromium and fluorine on a transparent substrate, in which a 
protective layer is provided on the pattern of halftone phase 
shifting film, by which a change of optical characteristic of 
the halftone phase shifting film appearing in applying the 
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excimer laser for exposure to the halftone phase shifting film 
is decreased. 

[0021] In thc A fourth type of halftone phase shifting 
photomask according to the present invention comprises a 
pattern of halftone phase shifting film including at least 
chromium and fluorine on a transparent substrate, in which 
after the halftone phase shifting film has been formed into a 
desired pat ter pat tern , a protective layer is provided on the 
whole surface of the photomask, by which a change of optical 
characteristic of the halftone phase shifting film appearing 
in applying the excimer laser for exposure to the halftone 
phase shifting film is decreased. 

[0022] In the first type of halftone phase shifting 
photomask, it is desired that after heat-treating the halftone 
phase shifting photomask, a protective film is provided on the 
heat-treated half tone- shifting film, thereafter the protective 
film and the halftone phase shifting film are formed into a 
desired pattern, by which a change of optical characteristic 
of the halftone phase shifting film appearing in applying the 
excimer laser for exposure to the halftone phase shifting film 
is decreased. 

[0023] Further, in the first type of halftone phase 
shifting photomask, it is desired that after heat-treating the 
halftone phase shifting film, the heat-treated halftone phase 
shifting film is formed into a desired pattern, thereafter a 
protective film is provided on the whole substrate, by which a 
change of optical characteristic of the halftone phase 
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shifting film appearing in applying the excimer laser for 
exposure to the halftone phase shifting film is decreased. 
[0024] In the second type of halftone phase shifting 
photomask, it is desired that after heat-treating the halftone 
phase shifting film formed into a desired pattern, a 
protective film is provided on the whole surface of the 
photomask, by which a change of optical characteristic of the 
halftone phase shifting film appearing in applying the excimer 
laser for exposure to the halftone phase shifting film is 
decreased. 

[0025] In the first and second types of halftone phase 
shifting photomasks, it is desired that by heat-treating the 
halftone phase shifting film, the interface disappears in the 
inside of the halftone phase shifting film by heat-treating 
the halftone phase shifting film. 

[0026] In the third and fourth types of halftone phase 
shifting masks, it is desired that a protective film includes 
at least chromium and fluorine, and the content of fluorine 
contained in the protective film is lower than the content of 
fluorine contained in the halftone phase shifting film. 
Further, it is desired that the protective film is 
transparent . 

[0027] Further, in any of the above-mentioned halftone 
phase shifting photomaok photomasks , it is also desired that 
when forming a pattern, a size of the p attern is made smaller 
than the desired size. 
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[0028] Further, the present invention comprises a method of 
forming a pattern which includes a method of forming a pattern 
using the above-mentioned halftone phase shifting photomask. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Figs. 1(a), 1(b), 1(c) and 1(d) are diagrammatic 
views for showing the principle of halftone phase shifting 
lithography. 

[0030] Figs. 2(a), 2(b), 2(c) and 2(d) are diagrammatic 

views for showing conventional lithography against Fig. 1. 
[0031] Fig. 3 is a graphical view for showing that focal 
depth and transferring length are affected by a p hase 
difference change in the lithography in which a halftone phase 
shifting photomask is used. 

[0032] Fig. 4 is a graphical view for showing that focal 

depth and best focus change are affected by a change of phase 
difference change, in the lithography in which a halftone 
phase shifting photomask is used. 

[0033] Figs. 5(a) and 5(b) are graphical views for showing 
a state in which phase difference and transmittance are 
changed by applying an excimer laser to a halftone phase 
shifting photomask having the halftone phase shifting film 
containing chromium and fluorine. 

[0034] Fig. 6 is a brief view of an irradiation device. 

[0035] Figs. 7(a) and 7(b) are graphical views for showing 

that the spectrum analyzed from reflectance of X-rays (e£ 
after Fourier transform) is changed by applying an excimer 
laser to a halftone phase shifting photomask having the 
halftone phase shifting film containing chromium and fluorine, 
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in which Fig. 7(a) shows the spectrum analyzed from 
reflectance of X-rays e£— before the applying of an excimer 
laser to the halftone phase shifting photomask, and Fig. 7(b) 
shows the spectrum analyzed from reflectance of X-rays of 
after the applying of the excimer laser to the halftone phase 
shifting photomask. 

[0036] Figs. 8(a), 8(b), 8(c)j_ 8(d) and 8(e) are graphical 
views for illustrating the processes in which blanks for a 
halftone phase shifting photomask are produced and then a 
halftone phase shifting photomask of example Example 1 is 
obtained by processing the blanks for a halftone phase 
shifting photomask. 

[0037] Fig. 9 is a graphical view for showing the 
transmittance change due to applying the excimer laser to a 
halftone phase shifting photomask having the halftone phase 
shifting film of Example 1. 

[0038] Figs. 10(a), 10(b), 10(c) and 10(d) are diagrammatic 

views for illustrating the process for producing a halftone 
phase shifting photomask of Example 2. 
[0039] Figs. 11(a) and 11(b) are graphical views 

showing the phase difference change and the transmittance 
change due to applying the excimer laser to a halftone phase 
shifting photomask having the halftone phase shifting film of 
Example 1 . 

[0040] Figs. 12(a) and 12(b) are graphical views 
showing the phase difference change and the transmittance 
change due to applying the excimer laser to a halftone phase 
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shifting photomask having the halftone phase shifting film of 
Example 4 . 

DETAILED DESCRIPTION 

[0041] In the present invention, for blanks for a halftone 
phase shifting photomask having a halftone phase shifting film 
including at least chromium and fluorine on a transparent 
substrate, a change of optical property of the halftone phase 
shifting film that is p roduced when applying an excimer laser 
to the halftone phase shifting film is decreased by treating 
the halftone phase shifting film with heat at a temperature of 
between 250°C and 500°C. 

[0042] Further, in the present invention, for blanks for a 
halftone phase shifting photomask having a halftone phase 
shifting film including at least chromium and fluorine on a 
transparent substrate, a change of optical property of the 
halftone phase shifting film that is p roduced in applying an 
excimer laser to the halftone phase shifting film is 
decreased, and the transmittance of the halftone phase 
shifting film is increased, by treating the halftone phase 
shifting film with heat at a temperature of between 250°C and 
500°C, and then removing the surface of the heat-treated film 
by etching the surface . 

[0043] Further, in the present invention, for blanks for a 
halftone phase shifting photomask having a halftone phase 
shifting film including at least chromium and fluorine on a 
transparent substrate, a change of optical property of the 
halftone phase shifting film that is p roduced in applying an 
excimer laser to the halftone phase shifting film is 
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decreased, and the transmittance of the halftone phase 
shifting film is increased, by treating the halftone phase 
shifting film with heat at a temperature of between 250°C and 
500°C / then removing the surface of the heat-treated film by 
etching the surface, and thereafter coating the halftone phase 
shifting film with a protective film. 

[0044] Further, in the present invention, for blanks for a 
halftone phase shifting photomask having a halftone phase 
shifting film including at least chromium and fluorine on a 
transparent substrate, a change of optical property of the 
halftone phase shifting film that is p roduced in applying 
excimer laser to the halftone phase shifting film is 
decreased, by coating the halftone phase shifting film with a 
protective film, and thereafter treating the halftone phase 
shifting film with having the protective film with heat at a 
temperature of between 250°C and 500°C. 

[0045] Further, in the present invention, as to blanks for 
a halftone phase shifting photomask having a halftone phase 
shifting film including at least chromium and fluorine on a 
transparent substrate, a change of optical property of the 
halftone phase shifting film that is p roduced in applying an 
excimer laser to the halftone phase shifting film is 
decreased, and the transmittance of the halftone phase 
shifting film is increased, by coating the halftone phase 
shifting film with a protective film, then treating the 
halftone phase shifting film with heat at a temperature of 
between 250°C and 500°C, and thereafter removing the surface 
of the heat-treated film by etching the surface . 
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[0046] In the above-mentioned blanks for the halftone phase 
shifting photomask, it is desirable that the surface of the 
halftone phase shifting film which has been heat-treated 
contains at least chromium and the content of fluorine 
contained in the surface thereof is lesser than that contained 
in the inside thereof. 

[0047] Further, in the above-mentioned blanks for the 
halftone phase shifting photomask, it is desirable that the 
protective film contains at least chromium, and the content of 
fluorine contained in the protective film is lesser than that 
contained in the halftone phase shifting film. 
[0048] Further, in the above-mentioned blanks for the 
halftone phase shifting photomask, it is desirable that the 
interface existing in the halftone phase shifting film 
disappears by the above-mentioned heat- treatment . 
[0049] Blanks for a halftone phase shifting photomask of 
the present invention -ire are produced by using the above- 
mentioned blanks for halftone phase shifting photomask, in 
which the halftone phase shifting photomask can be obtained by 
making patterning of the halftone phase shifting film after 
the above-mentioned treatment 

[0050] In the present invention, for a halftone phase 
shifting photomask having a halftone phase shifting film 
including at least chromium and fluorine on a transparent 
substrate, a change of optical property of the halftone phase 
shifting film that is p roduced in applying an excimer laser to 
the halftone phase shifting film is decreased, by treating the 
halftone phase shifting film with heat at a temperature of 



15 



U.S. Serial No. 09/825 578 November 3, 2003 

Marked-Up Version of Amended Specification 



between 250°C and 500°C, then by forming the heat-treated 
halftone phase shifting film into a pattern, and thereafter 
forming a protective film on the whole surface of the halftone 
phase shifting film. 

[0051] Further, in the present invention, for a halftone 
phase shifting photomask having a halftone phase shifting film 
including at least chromium and fluorine on a transparent 
substrate, the halftone phase shifting film is treated with 
heat at a temperature of between 250°C and 500°C io treated , 
and then the surface of heat-treated film is removed by- 
etching the surface ar^dsuch that the halftone phase shifting 
film is formed into a pattern. Thereafter, a protective film 
is formed on the whole surface of the halftone phase shifting 
photomask, by which a change of optical property of the 
halftone phase shifting film that is p roduced in applying an 
excimer laser to the halftone phase shifting film is 
decreased, and the transmittance of halftone phase shifting 
film is increased. 

[0052] Further, in the present invention, in a halftone 

phase shifting photomask having a halftone phase shifting film 
including at least chromium and fluorine on a transparent 
substrate, a change of optical property of the halftone phase 
shifting film that is p roduced in applying an excimer laser to 
the halftone phase shifting film is decreased, and the 
transmittance of halftone phase shifting film is increased by 
making patterning of the halftone phase shifting film, and 
then treating the halftone phase shifting film with heat at a 
temperature of between 25 0°C and 50 0°C. 
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[0053] Further, in the present invention, in a halftone 
phase shifting photomask having a halftone phase shifting film 
including at least chromium and fluorine on a transparent 
substrate, a change of optical property of the halftone phase 
shifting film that is p roduced in applying an excimer laser to 
the halftone phase shifting film is decreased, and of the 
transmittance of the halftone phase shifting fil m is produced , 
by making patterning of the halftone phase shifting film, then 
treating the halftone phase shifting film with heat at a 
temperature of between 2 50 °C and 50 0 °C and removing the 
surface of the heat-treated halftone phase shifting film. 
[0054] Further, in the present invention, for a halftone 
phase shifting photomask having a halftone phase shifting film 
including at least chromium and fluorine on a transparent 
substrate, a change of optical property of the halftone phase 
shifting film that is p roduced in applying an excimer laser to 
the halftone phase shifting film is decreased, and the 
transmittance of halftone phase shifting film is increased by 
making patterning of the halftone phase shifting film, then 
treating the halftone phase shifting film with heat at a 
temperature of between 2 50°C and 5 00 °C and removing the 
surface of film by etching the surface, to form a protective 
film on the whole surface of halftone phase shifting 
photomask. 

[0055] In the above-mentioned photomask, it is desirable 
that the surface of the protective film contains at least 
chromium and that the content of fluorine contained in the 
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protective film is lesser than that contained in the halftone 
phase shifting film. 

[0056] Further, in the above-mentioned halftone phase 
shifting photomask, it is desirable that the protective film 
is transparent. 

[0057] Further, in the above-mentioned halftone phase 
shifting photomask, it is desirable that the interface 
existing in the halftone phase shifting film disappears by the 
above-mentioned heat- treatment . 

[0058] Further, in the above-mentioned halftone phase 
shifting photomask, it is desirable that when forming the 
pattern, a size of the p attern is made smaller than the 
desired size. 

[0059] Then, the reason why the above-mentioned 
construction is employed in the present invention is 
explained . 

[0060] Figs. 5 (a), (b) show a state in which phase 
difference and transmittance are changed by applying an 
excimer laser to a halftone phase shifting photomask having 
the halftone phase shifting film containing chromium and 
fluorine, in which phase difference change and transmittance 
change of the halftone phase shifting film against total 
amount of irradiated energy is shown, in the case that wherein 
an irradiation device 1 shown in Fig. 6 was used, in which an 
ArF excimer laser beam 2 (thereafter, it is called briefly 
"laser") was applied to the halftone phase shifting film 5 
from the side of glass substrate 4 disposed in a sample 
chamber 3 on the condition that pulse energy is 0.2 mJ/cm 2 
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/pulse, repeated frequency is 1 kHz, and atmosphere of 
irradiation is the atmosphere, wherein measurement of phase 
difference and transmittance was made by means of "MPM193 
phase difference measuring instrument" manufactured by LSER 
TECK Co. . 

[0061] In order to investigate the cause of phase angle 
change and transmittance change of the halftone phase shifting 
film containing at least chromium and fluorine being changed ' 
produced according to the above-mentioned application of ArF 
excimer laser, the compositions of the above-mentioned 
halftone phase shifting film before and after applying 
irradiated rays to the halftone phase shifting film were 
analyzed by the X-ray photoelectron spectroscopy (XPS) . The 
result of analysis is shown in Table 1. The numerical values 
shown in Table 1 show ratio (%) of atoms existing in the 
halftone phase shifting film, wherein irradiation of ArF 
excimer laser to the halftone phase shifting film is made on 
the condition that pulse energy is 0.2 mj/cm 2 /pulse, repeated 
frequency was 1 kHz, and atmosphere of irradiation was the 
atmosphere. X-ray photoelectron spectroscopy was made using 
"ESCALAB210" manufactured by VG SCIENTIFIC CO. As to 
measurement of the composition of the halftone phase shifting 
film of the inside of it, halftone etching of the halftone 
phase shifting film was made by Ar ion beam, then the analysis 
thereof was made . 
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Table 1 
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[0062] As is apparent herein, a great change of the 
composition of the halftone phase shifting film produced by 
applying ArF excimer laser to the halftone phase shifting film 
is not found inside the film, while a change of nature of the 
film is found in the surface of the film in that the amount of 
fluorine is decreased, and the amount of oxygen is increased 
i-s — found in the — surface of — the — film . 

[0063] Further, Fig. 7 shows the result obtained by 
analyzing the structure of the halftone phase shifting film 4r& 
before and after applying rays to the film from X-ray 
reflectance. In spectrum which has been Fourier- transformed, a 
sharp peaks appear o appear with a distance of 31 nm iR— before 
applying rays to the film, which shows that the halftone phase 
shifting film is composed of four layers having the film 
thickness of film 31 nm, respectively. The structure of a film 
that is composed of layers is caused by that the forming of the 
film wao made dividing wherein the process of forming of the 
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film is divided into four. In gftcr After applying rays to the 
film, these peaks are weakened, which shows that atoms move by 
applying rays to the film, which results in the disappearance 
of the interface of film. 

[0064] When the interface exists in a film, aa any incident 
rays are reflected from the interface-; — as . As the number of 
the interfaces is increased, the ratio of reflected light from 
the interfaces is increased, while the amount of transmitting 
light is decreased. The above-mentioned disappearance of the 
interface gets rid of the reflection of light from the 
interface, so that the transmittance of the halftone phase 
shifting film is increased. Namely, it is thought that the 
main cause of the above-mentioned phase difference change and 
transmittance change produced according to the application of 
rays to the film is the disappearance of the interface. 

[0065] On the other hand, it is thought that a decrease in 
the amount of fluorine in the surface of the film produces the 
decrease in the transmittance of the film. It is thought that 
the above-mentioned phase difference change and transmittance 
change produced by rays applied to the film include the phase 
difference change and transmittance change caused by a change 
of the nature of film. However, since thcae such phase 
difference change and transmittance change are the reverse 
feeof the phase difference change and transmittance change 
caused by the reflection of rays from the interface, these 
changes are not found in Fig. 5. 

[0066] Accordingly, in the present invention, in a halftone 
phase shifting photomask having a halftone phase shifting film 



21 



U.S. Serial No. 09/825 578 November 3, 2003 

Marked-Up Version of Amended Specification 



containing at least chromium and fluorine, before the 
photomask is used for the exposure, heat -treatment is made to 
the halftone phase shifting photomask in such a manner that 
atoms included in the film are dispersed so that the interface 
between layers is disappcarcd disappears . Further, since the 
heat treatment makes fluorine contained in the surface of film 
evaporate to decrease the transmittance, in order to prevent 
this, the surface of the film in which fluorine has been 
evaporated is removed by etching the surface, by which the 
transmittance of film is adjusted to an amount e— needed 
essentially. 

[0067] When fluorine is evaporated from the surface of film 
by the above-mentioned heat treatment so that the 
concentration of fluorine contained in the surface of film is 
kept to a suitable amount, the surface of the film changes 
into a natural protective film formed naturally by the heat 
treatment. The natural protective film shows the effect that 
the phase difference change and the transmittance change of 
the film are controlled. 

[0068] Then, further, the present invention can take a form 
in which a protective film for preventing the change of the 
above-mentioned nature of the film is provided on the surface 
of halftone phase shifting film. When the amount of fluorine 
contained in the surface of film is much, as in the surface of 
film e^— after the surface of film has been etched, as shown in 
Fig.l, the nature of the film in the neighborhood of the 
f our facc sur face of the film is changed according to the nature 
of the surface of film. By providing such a structure for 
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preventing a change of the nature of the film peculiar to the 
film portion near the surface of the film, phase angle change 
and transmittance change produced by applying rays to the film 
laser according to applying can be controlled to be— the normal 
transmittance in the same manner as the above-mentioned case. 
[0069] In order to omit the process of etching the film 
surface of film , a halftone phase shifting film can be 
deposited in such a manner that the concentration of fluorine 
contained in the halftone phase shifting film becomes higher, 
so that the defined transmittance as well as the amount of 
fluorine can be controlled after heat-treating the film. 
[0070] As to the protective film, transparent films against 
rays applied to films such as Si02 film are desirable. In 
these films, a change in the surface shown in Table 1 is not 
only produced, but also plays a role as the protective film 
with which a change of quality in which the amount of fluorine 
is decreased as above-mentioned and the amount of oxygen is 
increased is prevented. Accordingly, the phase difference 
change and the transmittance change of the halftone phase 
shifting photomask produced by applying of rays to the film 
can be prevented. 

[0071] There are given as protective films transparent 
films as MgF2, CaF2, LiF2, A1203, Ti02, Zr02, Hf02, Ta20s, ZnO, MgO, 
and W2O5 in addition to the above-mentioned metal oxide Si02. 
As to these transparent films , if the halftone phase shifting 
film has been deposited on a transparent substrate, the 
desired effect can be obtained, even if the transparent films 
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are deposited in any process in the producing process of the 
photomask . 

[0072] Further, the transparent film may be rays- 
semitransparent to irradiated rays. In this case, it is 
desirable that semitransparent film is deposited before 
forming photomask blanks into desired patterns, wherein the 
semitransparent protective film is formed into the same 
patterns as that of the halftone phase shifting film at the 
same time in forming the halftone phase shifting film into the 
desired pattern or in another process. 

[0073] However, anyway, halftone phase shifting film in 
these cases should be deposited in such a manner that the 
desired relation on the transmittance and phase difference 
between opened areas and patterned areas of the halftone phase 
shifting is formed. Further, when it is expected that 
protective film is deposited on the cross section of parts of 
halftone phase shifting film having patterns, in such a case 
as a protective film is formed after the desired pattern was 
made beforehand. It is considered that a change of size of 
transferred pattern to resist is caused by depositing of 
protective film on the cross section of the halftone phase 
shifting film. It is desirable to form a pattern adding the 
change of pattern caused by depositing of protective film on 
the cross section of halftone phase shifting film. 
[0074] Further, in a case where the halftone phase shifting 
film including at least chromium and fluorine is formed into a 
multiplayer film, it is effective that a film in which a 
change of the property of the surface of film by applying rays 
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to the surface of film is hard to be produced. In this case, 
in case of the film containing at least chromium and fluorine, 
since a phenomenon^ such as the amount of fluorine is 
decreased and the amount of oxygen is increased^ occurs 
intensively, as the content of fluorine increase. Therefore, 
in this case, it is desirable to dispose a film having a small 
amount of fluorine. 

[0075] Finally, each of the heat- treatment and the forming 
of protective film shows a sufficient effect for suppressing a 
change in transmit tance or phase angle of the halftone phase 
shifting film containing at least chromium and fluorine 
produced by the application of ArF excimer laser to the film, 
independently, as above-mentioned. However, both the heat- 
treatment and the forming of protective film can be applied. 
In this case, even if which of the heat -treatment and the 
forming of protective film is made first, difference in the 
effect thereof cannot be found. Further, respective treatment 
can be made in any process in the manufacturing process of 
photomask . 

[0076] In such a way, the transmit tance and the phase 
difference, according to the present invention, can be 
stabilized against the application of ArF excimer laser and 
other to the halftone phase shifting film by making the 
interface disappear by the heat- treatment for the halftone 
phase shifting photomask having halftone phase shifting film 
containing at least chromium and fluorine disposed on a 
transparent substrate . 
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[0077] Further, for the halftone phase shifting photomask, 
the protective film on the surface of halftone phase shifting 
film prevents a change of the property of the surface of the 
film from being produced by the application of ArF excimer 
laser and others to the film, so that the transmittance and 
phase difference can be stabilized. 

[0078] Modifying of the halftone phase shifting film or the 
forming of protective film reduces in transmittance change and 
phase angle change arisen in storage of photomask, or under 
usage, wherein the problem is solved and reduced that the 
suitable amount of rays is changed, the accuracy of size is 
lowered, and the focal latitude is decreased, so that the 
shape of pattern is worsened, every time a photomask is used. 
Example 1 

[0079] Referring to Fig. 8, an example of blanks for a 
halftone phase shifting photomask and a halftone phase 
shifting photomask of the present invention is explained, 
[0080] As shown in Fig. 8 (a) , a halftone phase shifting 
film 102 containing chromium and fluorine was formed on a 
synthetic quartz substrate 101 polished optically and rinsed 
sufficiently, under the under-mentioned conditions, by which 
blanks for halftone phase shifting photomask 103 was obtained, 
wherein the thickness of the formed halftone phase shifting 
film 102 was 130 nm. 

Conditions : 

Film deposition equipment: DC magnetron sputter equipment 
Target : Metal chromium 
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Gas and the flow rate thereof: Argon gas 76 seem + carbon 

tetraf luoride gas 245 seem 

Pressure of sputter: 3.0 mm 

Electric current of sputter: 5.5 ampere 

[0081] Halftone phase shifting films 102 having the same 
thickness were deposited on the same thickness under the same 
conditions, and the halftone phase shifting films are formed 
into a pattern by conventional lithography method, by which 
samples for measurement of phase difference and transmittance 
104 were formed, as shown in Fig. 8 (b) . As a result of 
measurement of phase difference and transmittance under wave 
length 193 nm of halftone phase shifting film with the phase 
contrast meter made by LASER TECK Co., Ltd., "MPM193" put on 
the market, phase difference of 164 , and transmittance of 11 % 
was obtained . 

[0082] Then, the heat- treatment was given to the blanks 103 
for halftone phase shifting photomask, by which as shown in 
Fig. 8 (c) , blanks 105 for halftone phase shifting photomask 
were obtained, in which a change of optical property produced 
when using a photomask was reduced. Table 2 shows conditions 
of heat- treatment and the transmittance in wave length 193 nm 
of after the heat - treatment . 



Table 2 
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8 



[0083] After ArF excimer laser beam of wave length 193 nm 
was applied to the blanks, the measurement of phase difference 
and transmittance in wave length 193 nm was measured, under 
the under-mentioned conditions. 

Light source: ArF excimer 

Irradiation atmosphere: Nitrogen: Oxygen = 80 : 20 
Pulse energy: 0.2 mJ/ cm 2 /pulse 

[0084] In this time, the irradiation of laser was made from 
the side of substrate 101. Fig. 9 shows the result of the 
measurement of phase difference and transmittance. The upper 
and lower limits of transmittance change were within ±0.3 %, 
wherein the respective values are shown by the dotted lines in 
Fig. 9. In a case where the heat -treatment is not given to the 
blanks, transmittance change reaches +1.4 % at 10kJ/cm 2 of 
total irradiation energy. Then, in a case where the heat- 
treatment was given to the blanks at 200°C, the difference 
between a case where the heat -treatment is not given to the 
blanks is not found. However, in a case of the heat -treatment 
was given to the blanks at 300°C, even in 10kJ/cm 2 of total 
irradiation energy, transmittance change is within ±0.3 %. 
From this fact, it is seen that a change of optical property 
is reduced. 
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[0085] It was confirmed that the interface existing in the 
halftone phase shifting film was made to disappear by the 
heat - treatment , by the analysis made in the direction of the 
thickness by XPS . Namely, that the transmittance change of 
after heat- treatment is small as shown in Fig. 9 ia small is 
based on that the interface iebeing made to disappear by the 
heat -treatment accompanied with diffusion of atoms. 

[0086] In the same heat -treatment of 300°C, the difference 
in transmittance change between the heat- treatment made in air 
and the heat- treatment made in Nitrogen atmosphere was not 
found. However, the difference in the initial transmittance 
between the two was found. Namely, as shown in Table 2, the 
difference in the initial transmittance is lowered from 11 % 
to 8 % in Nitrogen atmosphere. However, the difference in the 
initial transmittance is lowered to 6 % . Fig . Table 3 shows the 
result of analysis by XPS of after heat- treatment . 
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Table 3 
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[0087] The composition of the inside of a sample not yet 
irradiated changes scarcely as compared with that of before 
annealing (Table 1) . However, it was found that when the film 
is annealed when the film is annealed at 300°C, fluorine was 
released from the surface of film, while oxygen enters the 
surface of film. From the estimate about an area from which 
fluorine is released, it was found that in case of the heat- 
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treatment made at 300 °C in air, fluorine was released from the 
depth of 30 nm from the surface of film. In case of the heat- 
treatment made in the nitrogen atmosphere, fluorine was 
released from the depth of 10 nm from the surface of film. 
Further, the oxidation of the surface took place from the same 
depth. From this fact, it is found that the lowering of 
initial transmittance is caused by the amounts of fluorine and 
oxygen contained in the film, and that as the amount of 
released fluorine from the film and the extent of the surface 
oxidized are increased, the initial transmittance is 
decreased. It is thought that these amounts are determined by 
amounts of oxygen contained in the atmosphere in which the 
heat- treatment is made. 

[0088] It is found that thereafter, blanks for the halftone 
phase shifting photomask feae have been heat-treated at 3 00°C in 
such a manner, the optical property of film becomes unchanged 
even if an A rF excimer laser is applied to the heat-treated. 
Therefore, in the case where a halftone phase shifting film of 
the blanks is formed into a pattern to form a photomask, 
thereafter forming of a p attern to resist is carried out, 
phase difference change and transmittance change produced in 
the process of transferring of the p attern are lessened to 
improve practicability. 

[0089] Then, a process of processing the blanks for 
halftone phase shifting photomask into a photomask by forming 
the halftone phase shifting film into a pattern is explained. 
[0090] As shown in Fig. 8 (d) , electric beam resist 
"ZEP7000" (manufactured by NIHON ZEON Co., Ltd.) was applied on 
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blanks 105 for halftone phase shifting photomask in such a 
manner that the thickness of film comes to 3 00 nm after being 
baked, then was baked at 110° for 20 minutes to obtain 
electric beam resist film 106. Further, the latent image of a 
desired pattern was obtained by means of an electric beam 
writing system for the p hotomask. Thereafter the halftone 
phase shifting film was developed by special developing 
solution ZED 500. Therefore, a desired resist pattern 107—_is 
obtained. 

[0091] Reactive ion etching was made through the resist 
pattern 107 as the p attern under the under-mentioned 
conditions, by which dry etching of halftone phase shifting 
film 102 was made. 

Conditions : 

Etching equipment: Parallel Flat Plate Reactive Ion Etcher 
Gas and the flow rate thereof: dichloromethane 3 0 seem + 
oxygen 60 seem 

Pressure of etching: 200 mTorr 
Power of etching: 3 00 Watt 

[0092] After the completion of etching, any unnecessary 
part of resist was removed by treating the surface of film by 
ozone gas while applying ultraviolet rays to the film, so that 
the halftone phase shifting photomask 108 was obtained as 
shown in Fig. 8 (e) . 

[0093] Since the obtained halftone phase shifting photomask 
108 was produced by using blanks for a halftone phase shifting 
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photomask with the stable optical property as shown in Fig. 9, 
phase difference change and transmittance produced in the 
process of transferring of pattern were lessened to improve 
the practicability. 

Example 2 

[0094] Then, referring to Fig. 10, an example of a halftone 
phase shifting photomask of the present invention is 
explained. 

[0095] As shown in Fig. 10 (a) , a halftone phase shifting 
film 2 02 containing chromium and fluorine was formed on a 
synthetic quartz substrate 2 01 polished optically and rinsed 
sufficiently, in the same sputtering method, as in Example 1, 
by which blanks 203 for halftone phase shifting photomask was 
obtained, wherein the thickness of formed halftone phase 
shifting film 202 was 130 nm. 

[0096] As shown in Fig. 10 (b) , electric beam resist 
"ZEP7000" (manufactured by NIHON ZEON Co., Ltd.) was then 
applied on blanks 2 03 for halftone phase shifting photomask in 
such a manner that the thickness of film comes to 300 nm after 
being baked, then was baked at 110 °C for 20 minutes to obtain 
electric beam resist film 204. Further, the latent image of a 
desired pattern was obtained by means of an electric beam 
writing system for a p hotomask, and then the halftone phase 
shifting film was developed by special developing solution ZED 
500 so that a desired resist pattern 205--__was obtained. 
[0097] Reactive ion etching was made through the resist 
pattern 205 as a p attern under the under-mentioned conditions, 
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by which dry etching of a halftone phase shifting film 202 was 
made . 

Conditions : 

Etching equipment: Parallel Flat Plate Reactive Ion Etcher 

Gas and the flow rate thereof: dichloromethane 3 0 seem + 

oxygen 60 seem 

Pressure of etching: 2 00 mm 

Power of etching: 3 00 Watt 

[0098] After the completion of etching, any unnecessary 
part of the resist was removed by treating the surface of the 
film by ozone gas while applying ultraviolet rays to the 
halftone phase shifting film, so that halftone phase shifting 
photomask 208 was obtained as shown in Fig. 10 (c) . 

[0099] Then, the halftone phase shifting photomask 206 was 
rinsed sufficiently, and then the heat- treatment was given to 
the halftone phase shifting film in the same manner as in 
Example 1, by which a halftone phase shifting photomask 207 is 
obtained. Conditions of the heat -treatment were 3 00°C and 
atmosphere was atmosphere in air. 

[00100] Since the optical property shown in Fig. 5 was made 
beforehand for the obtained halftone phase shifting photomask 
207 to reach the stable area of optical property, phase 
difference change and transmittance produced in the process of 
transferring of pattern are lessened to improve the 
practicability. 
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Example 3 

[00101] Then, anothcr other examples of blanks for halftone 
phase shifting photomask and halftone phase shifting photomask 
of the present invention are explained. 

[00102] A halftone phase shifting film containing chromium 
and fluorine was formed on a synthetic quartz substrate 
polished optically and rinsed sufficiently, in the same 
sputtering method, as in Example 1, wherein the thickness of 
formed halftone phase shifting film was 160 nm. 
[00103] The halftone phase shifting film was heat-treated at 
300°C in air, and then the surface of film was removed by 
plasma etching. Conditions of plasma etching were the same as 
in Example 3 . 

Conditions : 

Etching equipment: Parallel Flat Plate Reactive Ion Etcher 
Gas and the flow rate thereof: dichloromethane 3 0 seem + 
oxygen 60 seem 

Pressure of etching: 100 mTorr 
Power of etching: 400 Watt 

[00104] The measurement of phase difference and 
transmittance at wavelength 193 nm in the halftone phase 
shifting film was made by the phase difference meter for phase 
shifting photomask "MPM 193 (manufactured by LASER TECK Co., 
Ltd.) put on the market Phase. The mcaourc trteasured value of 
the p hase difference was about 184° and the measured value of 
transmittance was 12%. 
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[00105] After an ArF excimer laser beam of 193 nm was 
applied to the blanks for a halftone phase shifting photomask 
under the under-mentioned conditions, phase difference and 
transmittance at wavelength 193 nm were measured, wherein 
conditions of irradiation of laser were the same as in Example 
1. 

[00106] The irradiation of laser was made from the side of 
substrate. Fig . — 14r Fiqs . 11(a) and 11(b) ahowa show the results 
thereof. It is found that phase difference change and 
transmittance change depending on total amounts of irradiation 
energy are smaller as compared with these not yet irradiated. 
[00107] Then, in the same manner as in Example_l / halftone 
phase shifting film of the blanks for halftone phase shifting 
photomask was formed into a pattern to produce a photomask. 
[00108] The obtained halftone phase shifting photomask is 
shown in Fig . — Hr Figs . 11(a) and 11(b) . Since the production of 
the halftone phase shifting photomask was carried out using 
blanks for halftone phase shifting with the stable optical 
property, phase difference change and transmittance produced 
in the process of transferring of pattern are lessened to 
improve the practicability. 
Example 4 

[00109] Then, referring to Fig. 10, further another examples 
of blanks for a halftone phase shifting photomask and a 
halftone phase shifting photomask of the present invention are 
explained . 

[00110] A halftone phase shifting film containing chromium 
and fluorine was formed on a synthetic quartz substrate 
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polished optically and rinsed sufficiently, in the same 
sputtering method as in Example 1, wherein the thickness of 
formed halftone phase shifting film was 160 nm. 

[00111] The halftone phase shifting film was heat-treated at 
300°C in air, and then the surface of the film was removed by 
plasma etching. Conditions of plasma etching were the same as 
in Example 1 . 

[00112] Further, a protective film having the concentration 
of fluorine lower than that contained in the inside of film 
was formed on the above-mentioned halftone phase shifting film 
under the under -mentioned conditions, by which blanks for 
halftone phase shifting photomask were obtained, wherein the 
thickness of the halftone phase shifting film was 3 0 nm. 

Conditions : 

Film deposition equipment: DC magnetron equipment 

Target : metal 1 ic chromium 

Pressure of sputter: 3.0 mm 

Electric current of sputter: 2.0 ampere 

[00113] Phase difference and transmittance at wave length 
193 nm in the halftone phase shifting film are measured by the 
phase difference meter for phase shifting photomask W MPM 
193" (manufactured by LASER TECK Co., Ltd.) put on the market 
Phase. The measure value of phase difference was about 183° 
and the measured value of transmittance was 10%. 
[00114] After ArF excimer laser beam of 193 nm was applied 
to the blanks for halftone phase shifting photomask under the 
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under mentioned c ond i t i ons mentioned below , the p ha s e 
difference and transmittance at wave length 193 nm were 
measured, wherein conditions of irradiation of laser were the 
same as in Examp 1 c Examp 1 e s 1 , 3 . 

[00115] In this case, the application of laser to the 
halftone phase shifting film was made from the side of 
substrate . Fig . — 3^2- Figs . 12(a) and 12(b) ghows show the result 
thereof, wherein the result of Example 3 is shown together 
with the result of Example 4. The difference between phase 
difference changes of the two was not found. For 
transmittance, it was found that in a case where a protective 
film was provided on the halftone phase, the transmittance 
rises in a region where the amounts of irradiation is low, but 
thereafter is reduced. 

[00116] Then, in the same manner as in Example 1, halftone 
phase shifting film of the blanks for halftone phase shifting 
photomask was formed into a pattern to produce a photomask. 

[00117] The obtained halftone phase shifting photomask is 
shown in Fig . — 3r2 Figs . 12(a) and 12(b) . Since the production of 
halftone phase shifting photomask is carried out using blanks 
for halftone phase shifting with the stable optical property, 
phase difference change and transmittance produced in the 
process of transferring of pattern are lessened to improve the 
practicability. 

[00118] As apparent from the above-mentioned description, a 
halftone phase shifting photomask and blanks for halftone 
phase shifting photomask of the present invention, a change in 
the property of halftone phase shifting film produced by the 
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application of a_laser beam to the film is produced before the 
film is used practically so that the property thereof is 
stabilized, or a protective film is provided on the halftone 
phase shifting film, or the two means are used together, by 
which phase the difference change and transmittance change 
produced when using the photomask can be reduced. As a result, 
the most suitable halftone phase shifting photomask with the 
excellent practicability can be obtained. 
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HALFTONE PHASE SHIFTING PHOTOMASK AND BLANKS FOR HALFTONE 



PHASE SHIFTING PHOTOMASK THEREFOR AND A METHOD FOR FORMING 
PATTERN BY USING THE HALFTONE PHASE SHIFTING PHOTOMASK 
BACKGROUND OF THE INVENTION 
(1) Field of the Invention 



the production of a density integrated circuit such as an LSI, 
blanks for the photomask for the production of the photomask 
and a method for forming a pattern by using the halftone phase 
shifting photomask, and in particular the invention relates to 
a halftone phase shifting photomask by which a projected image 
having fine dimensions can be obtained, blanks for the 
halftone phase shifting photomask for the production of the 
halftone phase shifting photomask and a method for forming the 
pattern by using the halftone phase shifting photomask. 
(2) Description of the Prior Art 

[0002] Semiconductor integrated circuits such as an LST are 
produced by repeating the so-called lithographic process in 
which a photomask is used. Particularly, for the formation of 
products having fine dimensions, the use of a phase shifting 
photomask such as that described for example in Japanese 
Patent Laid-Open No. 173744 of 1983 (Showa 58) , Japanese 
Patent Publication No. 59296 of 1987 (Showa 62) and others are 
studied. Especially, the so-called halftone phase shifting 
photomask such as that described for example in U. S. P. 
4,890,309 attracted the attention of people from a viewpoint 
of early practical application. Some proposals are made as to 
the improvement in yield and the structure and material that 
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result in a decrease in cost which proposals are described in 
Japanese Patent Laid-Open No. 2259 of 1993 (Heisei 5), Japanese 
Patent Laid-Open No. 127361 of 1993 (Heisei 5) and others, and 
making such proposals practicable is proceeding. 
[0003] A halftone phase shifting photomask is explained 
briefly referring to figures. Fig. 1 comprises explanatory 
views showing the principle of halftone phase shifting 
lithography. Fig. 2 comprises explanatory views showing a 
conventional method. Fig. 1 (a) and Fig. 2 (a) are each a 
sectional view of a photomask, respectively. Fig. 1 (b) and 
Fig. 2 (b) show the amplitude of light on the photomask, 
respectively. Fig. 1 (c) and Fig. 2 (c) show the amplitude of 
light on a wafer, respectively. Fig. 1 (d) and Fig. 2 (d) show 
the strength of light on the wafer, respectively. Numerals 11 
and 21 (Fig. 1 (a) ) designate a transparent substrate. Numeral 
22 (Fig. 2(a)) designates 100 % lightproof film. Numeral 12 
designates a halftone phase shifting film. Numerals 13 and 23 
designate incident rays. Halftone phase shifting film is a 
film having the function that the phase of applied rays which 
have passed through the film is inverted in fact against the 
phase of applied rays passing through air with the same length 
of light paths and the optical strength of the former is 
attenuated against the optical strength of the latter, which 
is formed of a layer or multiple layers. In a conventional 
method, as shown in Fig. 2 (a), 100% lightproof film 22 made 
of chromium and others is formed on substrate 21 made of 
quartz glass and others, by which a light -transmitting area 
having a desired pattern is only formed, wherein as shown in 
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Fig. 2 (d) , the distribution of optical strength shows the 
spread of edges so that the resolution is decreased. On the 
contrary, in the halftone phase shifting lithography, since 
the phase of rays which have transmitted through halftone 
phase shifting film 12 of semitransparent film is inverted in 
fact against phase of rays which have passed through openings 
of the halftone phase shifting film 12, as shown in Fig. 1 
(d) , the optical strength in the border of the pattern formed 
on the halftone phase shifting photomask becomes 0 on the 
wafer so that the spreading of both edges is suppressed, 
therefore the solution being improved. 

[0004] Special attention should be paid to that in order to 
obtain the effect of halftone phase shifting photomask, the 
phase angle and the transmittance of halftone phase shifting 
film become very important, adding to various characters such 
as the dimensional tolerances, the positional tolerances and 
others of pattern formed on the photomask which are requested 
to a conventional photomask, and further that the phase angle 
and transmittance are determined according to refractive 
index, coefficient of extinction in the wavelength of the 
applied rays and the thickness of film of a layer or multiple 
layers forming the halftone phase shifting film. 

[0005] Generally, the most suitable value for the phase 
angle is 180°. However, the most suitable value for the 
transmittance is in the region of 1 through 20% supposing the 
transmittance in the opening area of halftone phase shifting 
film is 100%, which is determined according to the pattern to 
be transferred, transferring conditions and others. As to the 
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halftone phase shifting photomask, it is requested to set the 
phase angle and the transmittance to the most suitable values 
thereof . When values of them deviate from the most suitable 
value, a proper quantity of the change of applied rays 
appears, which results in the lowering of the dimensional 
tolerance, and the lowering of the focal latitude or allowable 
extent and others. Accordingly, refractive index, coefficient 
of extinction, the accuracy of the thickness of film and 
stability are important needless to say. Figs. 3 and, 4 show 
the results of simulation made about the effect of 
transmittance change and phase difference change in the 
lithography using halftone phase shifting photomask on a 
change of focal depth, transferring length and best focus. 
[0006] Together with a miniaturizing pattern to be formed, 
it is needed to shorten the wavelength of rays used in 
lithography. As the miniaturization over the so-called 2.5 
micron design rule proceeds, the practical application of a 
KrF excimer laser (wavelength: 24 8 nm) starts, and further the 
length of pattern is miniaturized. In consideration of the 
above-mentioned conditions, the use of ArF excimer laser is 
studied. As to a halftone phase shifting film used in a 
halftone shifting photomask, the development of material is 
requested which enables the most suitable phase angle and 
transmittance to also be realized for these wavelengths and 
has the stable refractive index and coefficient of extinction. 
[0007] Accordingly, it was proposed to use film containing 
mainly chromium and including fluorine as disclosed in 
Japanese Patent Laid-Open No. 110572 of 1995 (Heisei 7) as 
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halftone phase shifting film. This film enables the range of 
values of suitable phase angle and transmittance against the 
above-mentioned wavelength to be realized. Further, this film 
has the advantage of the production of blanks, the 
manufacturing process of the mask and others being possible in 
the same manner as these of conventional photomasks. 
Therefore, the investigation of this film was begun from the 
early stage, and practical application was made. 
[0008] However, the halftone phase shifting film containing 
mainly chromium and including fluorine has a problem that by 
applying rays used in the application of rays such as ArF 
excimer laser, over a long time, the refractive index, and 
coefficient of extinction, or any of the two of the halftone 
phase shifting film change (s). Therefore, in the case of 
forming a resist pattern using the halftone phase shifting 
photomask having the halftone phase-pattern film that contains 
mainly chromium and includes fluorine, the refractive index 
and phase angle, or any of the two, changes over time as the 
halftone phase shifting photomask is used. 

[0009] In this case, as is evident from the result of a 

simulation shown in Figs. 3 and 4, even if the phase 
difference and transmittance slightly change, focusing 
position, and latitude as well as transferring length change 
greatly. Namely, these changes result in the possibilities 
that a proper quantity of the change of applied rays, the 
lowering of dimensional tolerance and the lowering of focal 
latitude appear every time a photomask is used, and that even 
in one usage of photomask, these change, which results in a 
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decrease in latitude of pattern forming and the worsening of 

the shape of pattern . 

BRIEF SUMMARY OF THE INVENTION 

[0010] Accordingly, it is an object of the present 
invention to provide blanks for a halftone phase shifting 
photomask used for the production of the halftone phase 
shifting photomask in which transmittance change and phase 
angle change do not appear even if an excimer laser for expose 
is applied to the photomask for a long time. 

[0011] It is a second object of the present invention to 
provide a halftone phase shifting photomask in which 
transmittance change and phase angle change do not appear even 
if the excimer laser for expose is applied to the photomask 
for a long time. 

[0012] It is a third object of the present invention to 
provide a method of forming a pattern using the blanks for the 
halftone phase shifting photomask. 

[0013] A first type of blanks for a halftone phase shifting 
photomask according to the present invention comprises a 
halftone phase shifting film including at least chromium and 
fluorine on a transparent substrate, in which heat treatment 
is given to the halftone phase shifting film, by which a 
change of optical characteristic of the halftone phase 
shifting film appearing in applying the excimer laser for 
exposure to the halftone phase shifting film is decreased. 
[0014] A second type of blanks for the halftone phase 
shifting photomask according to the present invention 
comprises a halftone phase shifting film including at least 
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chromium and fluorine on a transparent substrate, in which a 
protective film is provided on the heat-treated halftone phase 
shifting film, by which a change of optical characteristic of 
the halftone phase shifting film appearing in applying the 
excimer laser for exposure to the halftone phase shifting film 
is decreased. 

[0015] A third type of blanks for the halftone phase 
shifting photomask according to the present invention 
comprises a halftone phase shifting film including at least 
chromium and fluorine on a transparent substrate, in which the 
surface layer of the heat-treated halftone phase shifting is 
removed by etching the surface, by which a change of optical 
characteristic of the halftone phase shifting film appearing 
in applying the excimer laser for exposure to the halftone 
phase shifting film is decreased, and the transmittance 
thereof is increased. 

[0016] In the first type of blanks for the halftone phase 
shifting photomask, it is desirable that an interface 
disappears from the inside of the halftone phase shifting film 
by the heat treatment of the halftone phase shifting film. 
[0017] In the second type of blanks for the halftone phase 
shifting photomask, it is desirable that the protective film 
includes at least chromium and fluorine, and the content of 
fluorine contained in the protective film is lower than the 
content of fluorine contained in the halftone phase shifting 
film. Further, it is desired that the protective film is a 
transparent film. 



7 



U.S. Serial No. 09/825 578 
Substitute Specification 



November 3, 2003 



[0018] A first type of halftone phase shifting photomask 
according to the present invention comprises a pattern of 
halftone phase shifting film including at least chromium and 
fluorine on a transparent substrate, in which heat treatment 
is given to the halftone phase shifting film, by which a 
change of optical characteristic of the halftone phase 
shifting film appearing in applying the excimer laser for 
exposure to the halftone phase shifting film is decreased. 
[0019] A second type of halftone phase shifting photomask 
according to the present invention comprises a pattern of 
halftone phase shifting film including at least chromium and 
fluorine on a transparent substrate, in which after the 
halftone phase shifting film has been formed into a desired 
pattern, the halftone phase shifting film is heat-treated, by 
which a change of optical characteristic of the halftone phase 
shifting film appearing in applying the excimer laser for 
exposure to the halftone phase shifting film is decreased. 
[0020] A third type of halftone phase shifting photomask 
according to the present invention comprises a pattern of 
halftone phase shifting film including at least chromium and 
fluorine on a transparent substrate, in which a protective 
layer is provided on the pattern of halftone phase shifting 
film, by which a change of optical characteristic of the 
halftone phase shifting film appearing in applying the excimer 
laser for exposure to the halftone phase shifting film is 
decreased. 

[0021] A fourth type of halftone phase shifting photomask 
according to the present invention comprises a pattern of 
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halftone phase shifting film including at least chromium and 
fluorine on a transparent substrate, in which after the 
halftone phase shifting film has been formed into a desired 
pattern, a protective layer is provided on the whole surface 
of the photomask, by which a change of optical characteristic 
of the halftone phase shifting film appearing in applying the 
excimer laser for exposure to the halftone phase shifting film 
is decreased. 

[0022] In the first type of halftone phase shifting 
photomask, it is desired that after heat-treating the halftone 
phase shifting photomask, a protective film is provided on the 
heat-treated halftone-shifting film, thereafter the protective 
film and the halftone phase shifting film are formed into a 
desired pattern, by which a change of optical characteristic 
of the halftone phase shifting film appearing in applying the 
excimer laser for exposure to the halftone phase shifting film 
is decreased. 

[0023] Further, in the first type of halftone phase 
shifting photomask, it is desired that after heat-treating the 
halftone phase shifting film, the heat-treated halftone phase 
shifting film is formed into a desired pattern, thereafter a 
protective film is provided on the whole substrate, by which a 
change of optical characteristic of the halftone phase 
shifting film appearing in applying the excimer laser for 
exposure to the halftone phase shifting film is decreased. 
[0024] In the second type of halftone phase shifting 
photomask, it is desired that after heat-treating the halftone 
phase shifting film formed into a desired pattern, a 
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protective film is provided on the whole surface of the 
photomask, by which a change of optical characteristic of the 
halftone phase shifting film appearing in applying the excimer 
laser for exposure to the halftone phase shifting film is 
decreased. 

[0025] In the first and second types of halftone phase 
shifting photomasks, it is desired that by heat-treating the 
halftone phase shifting film, the interface disappears in the 
inside of the halftone phase shifting film by heat-treating 
the halftone phase shifting film. 

[0026] In the third and fourth types of halftone phase 
shifting masks, it is desired that a protective film includes 
at least chromium and fluorine, and the content of fluorine 
contained in the protective film is lower than the content of 
fluorine contained in the halftone phase shifting film. 
Further, it is desired that the protective film is 
transparent . 

[0027] Further, in any of the above-mentioned halftone 
phase shifting photomasks, it is also desired that when 
forming a pattern, a size of the pattern is made smaller than 
the desired size. 

[0028] Further, the present invention comprises a method of 
forming a pattern which includes a method of forming a pattern 
using the above-mentioned halftone phase shifting photomask. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Figs. 1(a), 1(b), 1(c) and 1(d) are diagrammatic 
views showing the principle of halftone phase shifting 
lithography . 
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[0030] Figs. 2(a), 2(b), 2(c) and 2(d) are diagrammatic 
views showing conventional lithography against Fig. 1. 

[0031] Fig. 3 is a graphical view showing that focal depth 
and transferring length are affected by a phase difference 
change in the lithography in which a halftone phase shifting 
photomask is used. 

[0032] Fig. 4 is a graphical view showing that focal depth 
and best focus change are affected by a change of phase 
difference change, in the lithography in which a halftone 
phase shifting photomask is used. 

[0033] Figs. 5(a) and 5(b) are graphical views showing a 
state in which phase difference and transmittance are changed 
by applying an excimer laser to a halftone phase shifting 
photomask having the halftone phase shifting film containing 
chromium and fluorine. 

[0034] Fig. 6 is a brief view of an irradiation device. 

[0035] Figs. 7(a) and 7(b) are graphical views showing that 
the spectrum analyzed from reflectance of X-rays (after 
Fourier transform) is changed by applying an excimer laser to 
a halftone phase shifting photomask having the halftone phase 
shifting film containing chromium and fluorine, in which Fig. 
7(a) shows the spectrum analyzed from reflectance of X-rays 
before the applying of an excimer laser to the halftone phase 
shifting photomask, and Fig. 7(b) shows the spectrum analyzed 
from reflectance of X-rays of after the applying of the 
excimer laser to the halftone phase shifting photomask. 

[0036] Figs. 8(a), 8(b), 8(c), 8(d) and 8(e) are graphical 
views illustrating the processes in which blanks for a 
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halftone phase shifting photomask are produced and then a 
halftone phase shifting photomask of Example 1 is obtained by 
processing the blanks for a halftone phase shifting photomask. 
[0037] Fig. 9 is a graphical view showing the transmittance 
change due to applying the excimer laser to a halftone phase 
shifting photomask having the halftone phase shifting film of 
Example 1 . 

[0038] Figs. 10 (a) , 10(b), 10(c) and 10(d) are diagrammatic 
views illustrating the process for producing a halftone phase 
shifting photomask of Example 2. 

[0039] Figs. 11(a) and 11(b) are graphical views showing 
the phase difference change and the transmittance change due 
to applying the excimer laser to a halftone phase shifting 
photomask having the halftone phase shifting film of Example 
1. 

[0040] Figs. 12(a) and 12(b) are graphical views showing 
the phase difference change and the transmittance change due 
to applying the excimer laser to a halftone phase shifting 
photomask having the halftone phase shifting film of Example 
4 . 

DETAILED DESCRIPTION 

[0041] In the present invention, for blanks for a halftone 
phase shifting photomask having a halftone phase shifting film 
including at least chromium and fluorine on a transparent 
substrate, a change of optical property of the halftone phase 
shifting film that is produced when applying an excimer laser 
to the halftone phase shifting film is decreased by treating 
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the halftone phase shifting film with heat at a temperature of 
between 250°C and 500°C. 

[0042] Further, in the present invention, for blanks for a 
halftone phase shifting photomask having a halftone phase 
shifting film including at least chromium and fluorine on a 
transparent substrate, a change of optical property of the 
halftone phase shifting film that is produced in applying an 
excimer laser to the halftone phase shifting film is 
decreased, and the transmittance of the halftone phase 
shifting film is increased, by treating the halftone phase 
shifting film with heat at a temperature of between 250 °C and 
500°C, and then removing the surface of the heat-treated film 
by etching the surface. 

[0043] Further, in the present invention, for blanks for a 
halftone phase shifting photomask having a halftone phase 
shifting film including at least chromium and fluorine on a 
transparent substrate, a change of optical property of the 
halftone phase shifting film that is produced in applying an 
excimer laser to the halftone phase shifting film is 
decreased, and the transmittance of the halftone phase 
shifting film is increased, by treating the halftone phase 
shifting film with heat at a temperature of between 250°C and 
500°C, then removing the surface of the heat-treated film by 
etching the surface, and thereafter coating the halftone phase 
shifting film with a protective film. 

[0044] Further, in the present invention, for blanks for a 
halftone phase shifting photomask having a halftone phase 
shifting film including at least chromium and fluorine on a 
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transparent substrate, a change of optical property of the 
halftone phase shifting film that is produced in applying 
excimer laser to the halftone phase shifting film is 
decreased, by coating the halftone phase shifting film with a 
protective film, and thereafter treating the halftone phase 
shifting film having the protective film with heat at a 
temperature of between 250 °C and 500 °C. 

[0045] Further, in the present invention, as to blanks for 
a halftone phase shifting photomask having a halftone phase 
shifting film including at least chromium and fluorine on a 
transparent substrate, a change of optical property of the 
halftone phase shifting film that is produced in applying an 
excimer laser to the halftone phase shifting film is 
decreased, and the transmittance of the halftone phase 
shifting film is increased, by coating the halftone phase 
shifting film with a protective film, then treating the 
halftone phase shifting film with heat at a temperature of 
between 250°C and 500°C, and thereafter removing the surface 
of the heat-treated film by etching the surface . 
[0046] In the above-mentioned blanks for the halftone phase 
shifting photomask, it is desirable that the surface of the 
halftone phase shifting film which has been heat-treated 
contains at least chromium and the content of fluorine 
contained in the surface thereof is lesser than that contained 
in the inside thereof . 

[0047] Further, in the above-mentioned blanks for the 
halftone phase shifting photomask, it is desirable that the 
protective film contains at least chromium, and the content of 
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fluorine contained in the protective film is lesser than that 
contained in the halftone phase shifting film. 
[0048] Further, in the above-mentioned blanks for the 
halftone phase shifting photomask, it is desirable that the 
interface existing in the halftone phase shifting film 
disappears by the above-mentioned heat-treatment. 
[0049] Blanks for a halftone phase shifting photomask of 
the present invention are produced by using the above- 
mentioned blanks for halftone phase shifting photomask, in 
which the halftone phase shifting photomask can be obtained by 
making patterning of the halftone phase shifting film after 
the above-mentioned treatment 

[0050] In the present invention, for a halftone phase 
shifting photomask having a halftone phase shifting film 
including at least chromium and fluorine on a transparent 
substrate, a change of optical property of the halftone phase 
shifting film that is produced in applying an excimer laser to 
the halftone phase shifting film is decreased, by treating the 
halftone phase shifting film with heat at a temperature of 
between 250°C and 500 °C, then by forming the heat-treated 
halftone phase shifting film into a pattern, and thereafter 
forming a protective film on the whole surface of the halftone 
phase shifting film. 

[0051] Further, in the present invention, for a halftone 
phase shifting photomask having a halftone phase shifting film 
including at least chromium and fluorine on a transparent 
substrate, the halftone phase shifting film is treated with 
heat at a temperature of between 2 50°C and 500 °C, and then the 
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surface of heat-treated film is removed by etching the surface 
such that the halftone phase shifting film is formed into a 
pattern. Thereafter, a protective film is formed on the whole 
surface of the halftone phase shifting photomask, by which a 
change of optical property of the halftone phase shifting film 
that is produced in applying an excimer laser to the halftone 
phase shifting film is decreased, and the transmittance of 
halftone phase shifting film is increased. 

[0052] Further, in the present invention, in a halftone 
phase shifting photomask having a halftone phase shifting film 
including at least chromium and fluorine on a transparent 
substrate, a change of optical property of the halftone phase 
shifting film that is produced in applying an excimer laser to 
the halftone phase shifting film is decreased, and the 
transmittance of halftone phase shifting film is increased by 
making patterning of the halftone phase shifting film, and 
then treating the halftone phase shifting film with heat at a 
temperature of between 250 °C and 500 °C. 

[0053] Further, in the present invention, in a halftone 
phase shifting photomask having a halftone phase shifting film 
including at least chromium and fluorine on a transparent 
substrate, a change of optical property of the halftone phase 
shifting film that is produced in applying an excimer laser to 
the halftone phase shifting film is decreased, and of the 
transmittance of the halftone phase shifting film is produced, 
by making patterning of the halftone phase shifting film, then 
treating the halftone phase shifting film with heat at a 
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temperature of between 250 °C and 5 00 °C and removing the 
surface of the heat-treated halftone phase shifting film. 
[0054] Further, in the present invention, for a halftone 
phase shifting photomask having a halftone phase shifting film 
including at least chromium and fluorine on a transparent 
substrate, a change of optical property of the halftone phase 
shifting film that is produced in applying an excimer laser to 
the halftone phase shifting film is decreased, and the 
transmittance of halftone phase shifting film is increased by 
making patterning of the halftone phase shifting film, then 
treating the halftone phase shifting film with heat at a 
temperature of between 250 °C and 500 °C and removing the 
surface of film by etching the surface, to form a protective 
film on the whole surface of halftone phase shifting 
photomask . 

[0055] In the above-mentioned photomask, it is desirable 
that the surface of the protective film contains at least 
chromium and that the content of fluorine contained in the 
protective film is lesser than that contained in the halftone 
phase shifting film. 

[0056] Further, in the above-mentioned halftone phase 
shifting photomask, it is desirable that the protective film 
is transparent. 

[0057] Further, in the above-mentioned halftone phase 
shifting photomask, it is desirable that the interface 
existing in the halftone phase shifting film disappears by the 
above-mentioned heat- treatment . 
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[0058] Further, in the above-mentioned halftone phase 
shifting photomask, it is desirable that when forming the 
pattern, a size of the pattern is made smaller than the 
desired size. 

[0059] Then, the reason why the above-mentioned 
construction is employed in the present invention is 
explained . 

[0060] Figs. 5 (a), (b) show a state in which phase 
difference and transmittance are changed by applying an 
excimer laser to a halftone phase shifting photomask having 
the halftone phase shifting film containing chromium and 
fluorine, in which phase difference change and transmittance 
change of the halftone phase shifting film against total 
amount of irradiated energy is shown, in the case wherein an 
irradiation device 1 shown in Fig. 6 was used, in which an ArF 
excimer laser beam 2 (thereafter, it is called briefly 
"laser") was applied to the halftone phase shifting film 5 
from the side of glass substrate 4 disposed in a sample 
chamber 3 on the condition that pulse energy is 0.2 mJ/cm 2 
/pulse, repeated frequency is 1 kHz, and atmosphere of 
irradiation is the atmosphere, wherein measurement of phase 
difference and transmittance was made by means of "MPM193 
phase difference measuring instrument" manufactured by LSER 
TECK Co . . 

[0061] In order to investigate the cause of phase angle 
change and transmittance change of the halftone phase shifting 
film containing at least chromium and fluorine being produced 
according to the above-mentioned application of ArF excimer 
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laser, the compositions of the above-mentioned halftone phase 
shifting film before and after applying irradiated rays to the 
halftone phase shifting film were analyzed by the X-ray 
photoelectron spectroscopy (XPS) . The result of analysis is 
shown in Table 1 . The numerical values shown in Table 1 show 
ratio (%) of atoms existing in the halftone phase shifting 
film, wherein irradiation of ArF excimer laser to the halftone 
phase shifting film is made on the condition that pulse energy 
is 0.2 mJ/cm 2 /pulse, repeated frequency was 1 kHz, and 
atmosphere of irradiation was the atmosphere. X-ray 
photoelectron spectroscopy was made using "ESCALAB2 1 0 " 
manufactured by VG SCIENTIFIC CO. As to measurement of the 
composition of the halftone phase shifting film of the inside 
of it, halftone etching of the halftone phase shifting film 
was made by Ar ion beam, then the analysis thereof was made. 



Table 1 
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[0062] As is apparent herein, a great change of the 
composition of the halftone phase shifting film produced by 
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applying ArF excimer laser to the halftone phase shifting film 
is not found inside the film, while a change of nature of the 
film is found in the surface of the film in that the amount of 
fluorine is decreased, and the amount of oxygen is increased. 

[0063] Further, Fig. 7 shows the result obtained by 
analyzing the structure of the halftone phase shifting film 
before and after applying rays to the film from X-ray 
reflectance. In spectrum which has been Fourier-transformed, 
sharp peaks appear with a distance of 31 nm before applying 
rays to the film, which shows that the halftone phase shifting 
film is composed of four layers having the film thickness of 
31 nm, respectively. The structure of a film that is composed 
of layers is caused by the forming of the film wherein the 
process of forming of the film is divided into four. After 
applying rays to the film, these peaks are weakened, which 
shows that atoms move by applying rays to the film, which 
results in the disappearance of the interface of film. 

[0064] When the interface exists in a film, any incident 
rays are reflected from the interface. As the number of the 
interfaces is increased, the ratio of reflected light from the 
interfaces is increased, while the amount of transmitting 
light is decreased. The above-mentioned disappearance of the 
interface gets rid of the reflection of light from the 
interface, so that the transmittance of the halftone phase 
shifting film is increased. Namely, it is thought that the 
main cause of the above-mentioned phase difference change and 
transmittance change produced according to the application of 
rays to the film is the disappearance of the interface. 
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[0065] On the other hand, it is thought that a decrease in 
the amount of fluorine in the surface of the film produces the 
decrease in the transmittance of the film. It is thought that 
the above-mentioned phase difference change and transmittance 
change produced by rays applied to the film include the phase 
difference change and transmittance change caused by a change 
of the nature of film. However, since such phase difference 
change and transmittance change are the reverse of the phase 
difference change and transmittance change caused by the 
reflection of rays from the interface, these changes are not 
found in Fig. 5. 

[0066] Accordingly, in the present invention, in a halftone 
phase shifting photomask having a halftone phase shifting film 
containing at least chromium and fluorine, before the 
photomask is used for the exposure, heat- treatment is made to 
the halftone phase shifting photomask in such a manner that 
atoms included in the film are dispersed so that the interface 
between layers disappears. Further, since the heat treatment 
makes fluorine contained in the surface of film evaporate to 
decrease the transmittance, in order to prevent this, the 
surface of the film in which fluorine has been evaporated is 
removed by etching the surface, by which the transmittance of 
film is adjusted to an amount needed essentially. 
[0067] When fluorine is evaporated from the surface of film 
by the above-mentioned heat treatment so that the 
concentration of fluorine contained in the surface of film is 
kept to a suitable amount, the surface of the film changes 
into a natural protective film formed naturally by the heat 
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treatment. The natural protective film shows the effect that 
the phase difference change and the transmittance change of 
the film are controlled. 

[0068] Then, further, the present invention can take a form 
in which a protective film for preventing the change of the 
above-mentioned nature of the film is provided on the surface 
of halftone phase shifting film. When the amount of fluorine 
contained in the surface of film is much, as in the surface of 
film after the surface of film has been etched, as shown in 
Fig.l, the nature of the film in the neighborhood of the 
surface of the film is changed according to the nature of the 
surface of film. By providing such a structure for preventing 
a change of the nature of the film peculiar to the film 
portion near the surface of the film, phase angle change and 
transmittance change produced by applying rays to the film 
laser according to applying can be controlled to the normal 
transmittance in the same manner as the above-mentioned case. 
[0069] In order to omit the process of etching the film 
surface, a halftone phase shifting film can be deposited in 
such a manner that the concentration of fluorine contained in 
the halftone phase shifting film becomes higher, so that the 
defined transmittance as well as the amount of fluorine can be 
controlled after heat-treating the film. 

[0070] As to the protective film, transparent films against 
rays applied to films such as Si02 film are desirable. In 
these films, a change in the surface shown in Table 1 is not 
only produced, but also plays a role as the protective film 
with which a change of quality in which the amount of fluorine 
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is decreased as above-mentioned and the amount of oxygen is 
increased is prevented. Accordingly, the phase difference 
change and the transmittance change of the halftone phase 
shifting photomask produced by applying of rays to the film 
can be prevented. 

[0071] There are given as protective films transparent 
films as MgF2, CaF2, LiF2, AI2O3, Ti02, Zr02, Hf02, Ta20s, ZnO, MgO, 
and W2O5 in addition to the above-mentioned metal oxide Si02. 
As to these transparent films, if the halftone phase shifting 
film has been deposited on a transparent substrate, the 
desired effect can be obtained, even if the transparent films 
are deposited in any process in the producing process of the 
photomask . 

[0072] Further, the transparent film may be rays- 
semitransparent to irradiated rays. In this case, it is 
desirable that semitransparent film is deposited before 
forming photomask blanks into desired patterns, wherein the 
semitransparent protective film is formed into the same 
patterns as that of the halftone phase shifting film at the 
same time in forming the halftone phase shifting film into the 
desired pattern or in another process. 

[0073] However, anyway, halftone phase shifting film in 
these cases should be deposited in such a manner that the 
desired relation on the transmittance and phase difference 
between opened areas and patterned areas of the halftone phase 
shifting is formed. Further, when it is expected that 
protective film is deposited on the cross section of parts of 
halftone phase shifting film having patterns, in such a case 
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as a protective film is formed after the desired pattern was 
made beforehand. It is considered that a change of size of 
transferred pattern to resist is caused by depositing of 
protective film on the cross section of the halftone phase 
shifting film. It is desirable to form a pattern adding the 
change of pattern caused by depositing of protective film on 
the cross section of halftone phase shifting film. 
[0074] Further, in a case where the halftone phase shifting 
film including at least chromium and fluorine is formed into a 
multiplayer film, it is effective that a film in which a 
change of the property of the surface of film by applying rays 
to the surface of film is hard to be produced. In this case, 
in case of the film containing at least chromium and fluorine, 
since a phenomenon, such as the amount of fluorine is 
decreased and the amount of oxygen is increased, occurs 
intensively, as the content of fluorine increase. Therefore, 
in this case, it is desirable to dispose a film having a small 
amount of fluorine. 

[0075] Finally, each of the heat- treatment and the forming 
of protective film shows a sufficient effect for suppressing a 
change in transmittance or phase angle of the halftone phase 
shifting film containing at least chromium and fluorine 
produced by the application of ArF excimer laser to the film, 
independently, as above-mentioned. However, both the heat- 
treatment and the forming of protective film can be applied. 
In this case, even if which of the heat- treatment and the 
forming of protective film is made first, difference in the 
effect theVeof cannot be found. Further, respective treatment 
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can be made in any process in the manufacturing process of 
photomask. 

[0076] In such a way, the transmittance and the phase 
difference, according to the present invention, can be 
stabilized against the application of ArF excimer laser and 
other to the halftone phase shifting film by making the 
interface disappear by the heat- treatment for the halftone 
phase shifting photomask having halftone phase shifting film 
containing at least chromium and fluorine disposed on a 
transparent substrate . 

[0077] Further, for the halftone phase shifting photomask, 
the protective film on the surface of halftone phase shifting 
film prevents a change of the property of the surface of the 
film from being produced by the application of ArF excimer 
laser and others to the film, so that the transmittance and 
phase difference can be stabilized. 

[0078] Modifying of the halftone phase shifting film or the 
forming of protective film reduces in transmittance change and 
phase angle change arisen in storage of photomask, or under 
usage, wherein the problem is solved and reduced that the 
suitable amount of rays is changed, the accuracy of size is 
lowered, and the focal latitude is decreased, so that the 
shape of pattern is worsened, every time a photomask is used. 
Example 1 

[0079] Referring to Fig. 8, an example of blanks for a 
halftone phase shifting photomask and a halftone phase 
shifting photomask of the present invention is explained, 
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[0080] As shown in Fig. 8 (a) , a halftone phase shifting 
film 102 containing chromium and fluorine was formed on a 
synthetic quartz substrate 101 polished optically and rinsed 
sufficiently, under the under -mentioned conditions, by which 
blanks for halftone phase shifting photomask 103 was obtained, 
wherein the thickness of the formed halftone phase shifting 
film 102 was 130 nm. 

Conditions : 

Film deposition equipment: DC magnetron sputter equipment 
Target : Metal chromium 

Gas and the flow rate thereof: Argon gas 76 seem + carbon 

tetraf luoride gas 245 seem 

Pressure of sputter: 3.0 mm 

Electric current of sputter: 5.5 ampere 

[0081] Halftone phase shifting films 102 having the same 
thickness were deposited on the same thickness under the same 
conditions, and the halftone phase shifting films are formed 
into a pattern by conventional lithography method, by which 
samples for measurement of phase difference and transmittance 
104 were formed, as shown in Fig. 8 (b) . As a result of 
measurement of phase difference and transmittance under wave 
length 193 nm of halftone phase shifting film with the phase 
contrast meter made by LASER TECK Co., Ltd., "MPM193" put on, 
the market, phase difference of 164 , and transmittance of 11 % 
was obtained. 
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[0082] Then, the heat- treatment was given to the blanks 103 
for halftone phase shifting photomask, by which as shown in 
Fig. 8 (c) , blanks 105 for halftone phase shifting photomask 
were obtained, in which a change of optical property produced 
when using a photomask was reduced. Table 2 shows conditions 
of heat- treatment and the transmittance in wave length 193 nm 
of after the heat- treatment . 



Table 2 
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[0083] After ArF excimer laser beam of wave length 193 nm 
was applied to the blanks, the measurement of phase difference 
and transmittance in wave length 193 nm was measured, under 
the under -mentioned conditions. 

Light source: ArF excimer 

Irradiation atmosphere: Nitrogen: Oxygen =80 : 2 0 
Pulse energy: 0.2 mJ/cm 2 /pulse 

[0084] In this time, the irradiation of laser was made from 
the side of substrate 101. Fig. 9 shows the result of the 
measurement of phase difference and transmittance. The upper 
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and lower limits of transmittance change were within ±0.3 %, 
wherein the respective values are shown by the dotted lines in 
Fig. 9. In a case where the heat-treatment is not given to the 
blanks, transmittance change reaches +1.4 % at 10kJ/cm 2 of 
total irradiation energy. Then, in a case where the heat- 
treatment was given to the blanks at 2 00 °C / the difference 
between a case where the heat- treatment is not given to the 
blanks is not found. However, in a case of the heat -treatment 
was given to the blanks at 300°C, even in 10kJ/cm 2 of total 
irradiation energy, transmittance change is within ±0.3 %. 
From this fact, it is seen that a change of optical property 
is reduced. 

[0085] It was confirmed that the interface existing in the 
halftone phase shifting film was made to disappear by the 
heat- treatment , by the analysis made in the direction of the 
thickness by XPS . Namely, that the transmittance change of 
after heat- treatment is small as shown in Fig. 9 is based on 
the interface being made to disappear by the heat-treatment 
accompanied with diffusion of atoms. 

[0086] In the same heat- treatment of 300°C, the difference 
in transmittance change between the heat- treatment made in air 
and the heat- treatment made in Nitrogen atmosphere was not 
found. However, the difference in the initial transmittance 
between the two was found. Namely, as shown in Table 2, the 
difference in the initial transmittance is lowered from 11 % 
to 8 % in Nitrogen atmosphere. However, the difference in the 
initial transmittance is lowered to 6 % . Table 3 shows the 
result of analysis by XPS of after heat- treatment . 
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[0087] The composition of the inside of a sample not yet 
irradiated changes scarcely as compared with that of before 
annealing (Table 1) . However, it was found that when the film 
is annealed when the film is annealed at 300°C, fluorine was 
released from the surface of film, while oxygen enters the 
surface of film. From the estimate about an area from which 
fluorine is released, it was found that in case of the heat- 
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treatment made at 300°C in air, fluorine was released from the 
depth of 30 nm from the surface of film. In case of the heat- 
treatment made in the nitrogen atmosphere, fluorine was 
released from the depth of 10 nm from the surface of film. 
Further, the oxidation of the surface took place from the same 
depth. From this fact, it is found that the lowering of 
initial transmittance is caused by the amounts of fluorine and 
oxygen contained in the film, and that as the amount of 
released fluorine from the film and the extent of the surface 
oxidized are increased, the initial transmittance is 
decreased. It is thought that these amounts are determined by 
amounts of oxygen contained in the atmosphere in which the 
heat -treatment is made. 

[0088] It is found that thereafter, blanks for the halftone 
phase shifting photomask have been heat-treated at 300°C in 
such a manner, the optical property of film becomes unchanged 
even if an ArF excimer laser is applied to the heat-treated. 
Therefore, in the case where a halftone phase shifting film of 
the blanks is formed into a pattern to form a photomask, 
thereafter forming of a pattern to resist is carried out, 
phase difference change and transmittance change produced in 
the process of transferring of the pattern are lessened to 
improve practicability. 

[0089] Then, a process of processing the blanks for 
halftone phase shifting photomask into a photomask by forming 
the halftone phase shifting film into a pattern is explained. 
[0090] As shown in Fig. 8 (d) , electric beam resist 
"ZEP7000" (manufactured by NIHON ZEON Co., Ltd.) was applied on 
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blanks 105 for halftone phase shifting photomask in such a 
manner that the thickness of film comes to 3 00 nm after being 
baked, then was baked at 110° for 20 minutes to obtain 
electric beam resist film 106. Further, the latent image of a 
desired pattern was obtained by means of an electric beam 
writing system for the photomask. Thereafter the halftone 
phase shifting film was developed by special developing 
solution ZED 500. Therefore, a desired resist pattern 107 is 
obtained. 

[0091] Reactive ion etching was made through the resist 
pattern 107 as the pattern under the under-mentioned 
conditions, by which dry etching of halftone phase shifting 
film 102 was made. 

Conditions : 

Etching equipment: Parallel Flat Plate Reactive Ion Etcher 
Gas and the flow rate thereof: dichloromethane 30 seem + 
oxygen 60 seem 

Pressure of etching: 2 00 mTorr 
Power of etching: 3 00 Watt 

[0092] After the completion of etching, any unnecessary 
part of resist was removed by treating the surface of film by 
ozone gas while applying ultraviolet rays to the film, so that 
the halftone phase shifting photomask 108 was obtained as 
shown in Fig. 8 (e) . 

[0093] Since the obtained halftone phase shifting photomask 
108 was produced by using blanks for a halftone phase shifting 
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photomask with the stable optical property as shown in Fig. 9, 
phase difference change and transmittance produced in the 
process of transferring of pattern were lessened to improve 
the practicability. 

Example 2 

[0094] Then, referring to Fig. 10, an example of a halftone 
phase shifting photomask of the present invention is 
explained . 

[0095] As shown in Fig. 10 (a) , a halftone phase shifting 
film 2 02 containing chromium and fluorine was formed on a 
synthetic quartz substrate 201 polished optically and rinsed 
sufficiently, in the same sputtering method, as in Example 1, 
by which blanks 203 for halftone phase shifting photomask was 
obtained, wherein the thickness of formed halftone phase 
shifting film 202 was 130 nm. 

[0096] As shown in Fig. 10 (b) , electric beam resist 
"ZEP7000" (manufactured by NIHON ZEON Co., Ltd.) was then 
applied on blanks 203 for halftone phase shifting photomask in 
such a manner that the thickness of film comes to 3 00 nm after 
being baked, then was baked at 110°C for 20 minutes to obtain 
electric beam resist film 204. Further, the latent image of a 
desired pattern was obtained by means of an electric beam 
writing system for a photomask, and then the halftone phase 
shifting film was developed by special developing solution ZED 
500 so that a desired resist pattern 205 was obtained. 
[0097] Reactive ion etching was made through the resist 
pattern 2 05 as a pattern under the under-mentioned conditions, 
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by which dry etching of a halftone phase shifting film 202 was 
made . 

Conditions : 

Etching equipment: Parallel Flat Plate Reactive Ion Etcher 

Gas and the flow rate thereof: dichloromethane 30 seem + 

oxygen 60 seem 

Pressure of etching: 2 00 mm 

Power of etching: 300 Watt 

[0098] After the completion of etching, any unnecessary 
part of the resist was removed by treating the surface of the 
film by ozone gas while applying ultraviolet rays to the 
halftone phase shifting film, so that halftone phase shifting 
photomask 2 08 was obtained as shown in Fig. 10 (c) . 

[0099] Then, the halftone phase shifting photomask 206 was 
rinsed sufficiently, and then the heat-treatment was given to 
the halftone phase shifting film in the same manner as in 
Example 1, by which a halftone phase shifting photomask 2 07 is 
obtained. Conditions of the heat- treatment were 300°C and 
atmosphere was atmosphere in air. 

[00100] Since the optical property shown in Fig. 5 was made 
beforehand for the obtained halftone phase shifting photomask 
207 to reach the stable area of optical property, phase 
difference change and transmittance produced in the process of 
transferring of pattern are lessened to improve the 
practicability. 
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[00101] Then, other examples of blanks for halftone phase 
shifting photomask and halftone phase shifting photomask of 
the present invention are explained. 

[00102] A halftone phase shifting film containing chromium 
and fluorine was formed on a synthetic quartz substrate 
polished optically and rinsed sufficiently, in the same 
sputtering method, as in Example 1, wherein the thickness of 
formed halftone phase shifting film was 160 nm. 

[00103] The halftone phase shifting film was heat-treated at 
300°C in air, and then the surface of film was removed by 
plasma etching. Conditions of plasma etching were the same as 
in Example 3 . 

Conditions : 

Etching equipment: Parallel Flat Plate Reactive Ion Etcher 
Gas and the flow rate thereof: dichloromethane 30 seem + 
oxygen 60 seem 

Pressure of etching: 100 mTorr 
Power of etching: 400 Watt 

[00104] The measurement of phase difference and 
transmittance at wavelength 193 nm in the halftone phase 
shifting film was made by the phase difference meter for phase 
shifting photomask "MPM 193 (manufactured by LASER TECK Co., 
Ltd.) put on the market Phase. The measured value of the phase 
difference was about 184° and the measured value of 
transmittance was 12%. 
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[00105] After an ArF excimer laser beam of 193 nm was 
applied to the blanks for a halftone phase shifting photomask 
under the under-mentioned conditions, phase difference and 
transmittance at wavelength 193 nm were measured, wherein 
conditions of irradiation of laser were the same as in Example 
1. 

[00106] The irradiation of laser was made from the side of 
substrate. Figs. 11(a) and 11(b) show the results thereof. It 
is found that phase difference change and transmittance change 
depending on total amounts of irradiation energy are smaller 
as compared with these not yet irradiated. 

[00107] Then, in the same manner as in Example 1, halftone 
phase shifting film of the blanks for halftone phase shifting 
photomask was formed into a pattern to produce a photomask. 
[00108] The obtained halftone phase shifting photomask is 
shown in Figs. 11(a) and 11(b). Since the production of the 
halftone phase shifting photomask was carried out using blanks 
for halftone phase shifting with the stable optical property, 
phase difference change and transmittance produced in the 
process of transferring of pattern are lessened to improve the 
practicability. 
Example 4 

[00109] Then, referring to Fig. 10, further examples of 
blanks for a halftone phase shifting photomask and a halftone 
phase shifting photomask of the present invention are 
explained. 

[00110] A halftone phase shifting film containing chromium 
and fluorine was formed on a synthetic quartz substrate 
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polished optically and rinsed sufficiently, in the same 
sputtering method as in Example 1, wherein the thickness of 
formed halftone phase shifting film was 160 nm. 
[00111] The halftone phase shifting film was heat-treated at 
3 00°C in air, and then the surface of the film was removed by 
plasma etching. Conditions of plasma etching were the same as 
in Example 1 . 

[00112] Further, a protective film having the concentration 
of fluorine lower than that contained in the inside of film 
was formed on the above-mentioned halftone phase shifting film 
under the under-mentioned conditions, by which blanks for 
halftone phase shifting photomask were obtained, wherein the 
thickness of the halftone phase shifting film was 30 nm. 

Conditions : 

Film deposition equipment: DC magnetron equipment 

Target : metallic chromium 

Pressure of sputter: 3.0 mm 

Electric current of sputter: 2.0 ampere 

[00113] Phase difference and transmittance at wave length 
193 nm in the halftone phase shifting film are measured by the 
phase difference meter for phase shifting photomask "MPM 
193" (manufactured by LASER TECK Co., Ltd.) put on the market 
Phase. The measure value of phase difference was about 183° 
and the measured value of transmittance was 10%. 
[00114] After ArF excimer laser beam of 193 nm was applied 
to the blanks for halftone phase shifting photomask under the 
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conditions mentioned below, the phase difference and 
transmittance at wave length 193 nm were measured, wherein 
conditions of irradiation of laser were the same as in 
Examples 1, 3. 

[00115] In this case, the application of laser to the 
halftone phase shifting film was made from the side of 
substrate. Figs. 12(a) and 12(b) show the result thereof, 
wherein the result of Example 3 is shown together with the 
result of Example 4. The difference between phase difference 
changes of the two was not found. For transmittance, it was 
found that in a case where a protective film was provided on 
the halftone phase, the transmittance rises in a region where 
the amounts of irradiation is low, but thereafter is reduced. 
[00116] Then, in the same manner as in Example 1, halftone 
phase shifting film of the blanks for halftone phase shifting 
photomask was formed into a pattern to produce a photomask. 
[00117] The obtained halftone phase shifting photomask is 
shown in Figs. 12(a) and 12(b). Since the production of 
halftone phase shifting photomask is carried out using blanks 
for halftone phase shifting with the stable optical property, 
phase difference change and transmittance produced in the 
process of transferring of pattern are lessened to improve the 
practicability. 

[00118] As apparent from the above-mentioned description, a 
halftone phase shifting photomask and blanks for halftone 
phase shifting photomask of the present invention, a change in 
the property of halftone phase shifting film produced by the 
application of a laser beam to the film is produced before the 
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film is used practically so that the property thereof is 
stabilized, or a protective film is provided on the halftone 
phase shifting film, or the two means are used together, by 
which phase the difference change and transmittance change 
produced when using the photomask can be reduced. As a result, 
the most suitable halftone phase shifting photomask with the 
excellent practicability can be obtained. 
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